Structure of the third intracellular loop of the human cannabinoid 1 receptor.
The third cytoplasmic loop (IC3) is a determinant in the dynamic life cycle of G protein-coupled receptors, including the activation, internalization, desensitization, and resensitization processes. Here, we characterize the structural features of the IC3 of the cannabinoid 1 receptor (CB1) in micelle solution using heteronuclear, (1)H,(15)N-high-resolution NMR methods. The IC3 construct was designed to contain one-third of each of the transmembrane helices (TMs 5 and 6) to tether the protein to the hydrophobic portion of the micelle. Indeed, the NMR analysis illustrates prominent alpha-helices at the N-terminus (G1-R10) and C-terminus (Q37-T47) of the IC3 receptor domain, corresponding to the cytoplasmic termini of TM5 and TM6. The structural features of the central portion of the IC3 consist of a small alpha-helix, adjacent to the terminus of TM5. The remainder is mostly unstructured as indicated by the NMR-based observables (NOEs and chemical shifts). Despite the lack of secondary structure, the hydrophobic triplet of isoleucine residues in the center of the IC3 is found in molecular dynamics simulations to associate with the lipid environment, producing two smaller loops out of the IC3. Previous studies examining mastoparan and related peptides and their ability to activate G proteins have concluded an alpha-helix is required for efficient binding and activation. Our structural results for the IC3 of CB1 would then suggest that in the intact receptor the G protein is activated by the alpha-helices of the cytoplasmic ends of TM5 or TM6 and not the unstructured central region of the IC3.